The electrochemical behavior of duloxetine HCl (DXT.HCl) at a carbon paste electrode (CPE) was achieved by cyclic voltammetry and a mechanism of its oxidation was reported and illustrated. A sensitive linear sweep and square-wave adsorptive anodic stripping voltammetry methods were described for trace determination of DXT.HCl. Introduction: DXT.HCl, N-methyl-3-(nap-thalen-1-yloxy)-3-(thiophene-2-yl) propan-1-amine hydrochloride is a selective serotonin-norepinephrine reuptake inhibitor (SNRI) originally developed as an antidepressant and is currently recommended for maintenance treatment of major depressive disorder. Methods: Electrochemical behavior was studied using cyclic voltammetric method, and the analytical application was studied using linear sweep and square wave voltammetric methods. Solution pH has been measured by pH meter. Results: The process on the surface of carbon paste electrode was found to be irreversible and diffusion-controlled. The number of proton and electron transferred were calculated. Possible reaction mechanism taking place on the surface of electrode was proposed. Calibration plot constructed using square wave voltammetric technique was used for quantitative analysis in pharmaceutical and human serum samples. Limit of detection (LOD) and limit of quantification (LOQ) were calculated. Conclusions: In the present work, we described the electrochemical behavior of DXT.HCl drug. Two precise linear sweep and square wave adsorptive anodic stripping voltammetry methods have been described for its trace quantitation in pharmaceutical formulation and human serum. The method shows the development of a sensor for selective and sensitive determination of DXT.HCl.
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Introduction
DXT.HCl, N-methyl-3-(napthalen-1-yloxy)-3-(thiophene-2-yl) propan-1-amine hydrochloride (Scheme 1) is a selective serotonin-norepinephrine reuptake inhibitor (SNRI) originally developed as an antidepressant and is currently recommended for maintenance treatment of major depressive disorder [1] . The drug is approved by the US Food and Drug administration for the treatment of diabetic polyneuropathy and is recommended as a first line treatment for this purpose [2] . Other indications include management of generalized anxiety disorder [3] fibromyalgia [4] , and most recently, stress urinary incontinence [5] [6] .
Currently, there is no official analytical procedure for DXT.HCl in any pharmacopoeia. There are several reports in literature based on the application of reverse phase chromatographic methods [7] - [12] or potentiometric methods [13] Spectrophotometric methods have also been investigated and these include the application of more sensitive derivative spectrophotometry as well [14] [15] [16] (LOD = 9.0 × 10 −6 and LOQ = 1.0 × 10 −5 mol L −1 ). A spectrofluorimetric method has been reported for DXT.HCl based on enhancement effect of cationic surfactants on the native fluorescence intensity in an alkaline medium [17] . This method involves the quantification of DXT.HCl in bulk as well as in capsule or tablet dosage forms. All these methods are not sensitive, complicated, expensive, but require sample pretreatment and time consuming liquid-liquid or solid phase extraction steps prior to the analysis. Furthermore, some of these chromatographic methods have high strength ionic buffered mobile phases that are hazardous for column efficiency and need prolonged time for column saturation and washing. On the other side, electro-analytical techniques are efficient and simple for determining pharmaceutical compounds in different matrices, due to their fast response, high sensitivity and low cost [18] . Sample extraction prior to analysis is not required, and it has so far not been applied to the determination of DXT.HCl, thus persuaded us to carry out a study on electro-oxidation of this drug on the surface of CPE and develop a method for its determination. 
Methods

Apparatus and Chemicals
Computer-controlled Potentiostat Models 263A and 273A-PAR (Princeton Ap- were used. A magnetic stirrer with a Teflon-coated magnet was used to provide the convective transport during the preconcentration step. An Eppendorf centrifuge (Model 5417 C, Hamburg, Germany) was used for separation of precipitated proteins from human serum and plasma samples prior to the assay. A micropipette (Eppendorf-Multipette  plus) was used for transferring the analyte solutions throughout the experimental work. De-ionized water (6.0 × 10 6 Ω) was used throughout the present work. ). An aliquot of this solution (0.01 -0.1 ml) was diluted to 10 ml with Britton-Robinson universal buffer or phosphate buffer, and then transferred into a dark voltammetric cell.
Materials and Sample Preparation
Buffer Solutions
A series of phosphate buffers of pH values 6.2 to 7.5 and universal buffers of pH values 2 to 12 were prepared and used as a supporting electrolyte. A pH-meter (Crison, Barcelona, Spain) was used for the pH measurements. Deionized water was supplied from a Purite-Still Plus de-ionizer connected to an AquaMatic double-distillation water system (Hamilton Laboratory Glass LTD., Kent, UK).
Preparation of the Carbon Paste Electrode
The carbon paste (CP) was prepared by mixing an amount (5.0 g) of graphite powder (1 -2 µm, Aldrich, Milwaukee, WI, USA) and 1.8 mL Nujol oil (Sigma, density = 0.84 g mL Randles-Sevcik formula can be used to calculate the electro-active area of the 
In Equation (1), for 1.0 × 10 −3 mol L −1 K 3 Fe (CN) 6 and 0.1 mol L −1 KCl as supporting electrolyte, I p refers to the anodic peak current, n is the number of electron transferred during the electrode reaction equal to 1. A 0 is the surface area of the electrode, D R is the diffusion coefficient equal to 7.6 × 10
, υ is the scan rate, and C 0 is the concentration of K 3 Fe(CN) 6 . From the slope of the plot of I p vs. υ 1/2 , the area of the electrode surface was calculated to be 0.032 ± 0.0018 cm 2 .
Results and Discussion
Cyclic Voltammetric Studies
The Also, the irreversible nature of the electrode reaction was also identified from the shift of peak potential E p to less positive values upon the increase of scan rate v (100 -500 mV s 
Values of αn a (product of symmetry transfer coefficient α and number of electrons n a transferred in the rate-determining step) of 0. 
The most probable values of transfer coefficient α (0.34 -0.47) were estimated at various pH values, for the number of electrons (n a equals 2) transferred in the rate-determining step for the electro-oxidation of the secondary amino group of the analyte [19] , this is confirmed again the irreversible nature of the electrode reaction of DXT.HCl at a CPE.
Electrode Reaction Mechanism of Duloxetine HCl at a CPE
On the basis of the above results, a mechanism can be described. In the first step, a protonation-deprotonation equilibrium step, followed by a slow step in which 2e − and H + are involved in the electro-oxidation of the secondary amino group. 
Interfacial Adsorptive Behavior of Duloxetine HCl onto a CPE Surface
The interfacial adsorptive affinity of DXT.HCl onto a CPE surface was also des- )) of DXT.HCl in the phosphate buffer of pH 6.8 was estimated using the Equation (4) [21] .
where Q (C) is the charge consumed by the surface process which estimated by the integration of the area under the peak corrected to the residual current, n is the total number of electrons consumed in the oxidation process (n = 2), F is the 
Stripping Voltammetric Studies
Stripping voltammetric methods were optimized for trace determination of DXT.HCl applying linear sweep and square wave potential-waveforms. Stripping voltammograms of bulk DXT.HCl in the phosphate buffer (pH 6.2 to 7.5) recorded by linear sweep and square wave voltammetry following its preconcentration onto a CPE by adsorptive accumulation for 20 s exhibited a well-defined single irreversible anodic peak with a better enhanced peak current magnitude at pH 6.8. Therefore, a phosphate buffer of pH 6.8 was chosen as a supporting electrolyte in the rest of study.
Linear Sweep Stripping Voltammetry Method
The optimum operational conditions for determination of DXT.HCl applying linear sweep adsorptive anodic stripping voltammetry (LS-AdASV) at a CPE in the phosphate buffer of pH 6.8 were identified. This was carried out by studying the effect of each of scan rate ν (100 to 500 mV s . Inset: The same study using SW-AdAS voltammetry; f = 60 Hz, a = 15 mV and ΔE s = 20 mV.
On the other hand, the dependence of LS-AdASV peak current magnitudes of bly owing to an inhibition of the voltammetric process occurring after saturation of carbon [27] or interactions among the molecules in the adsorbed state become noticeable [28] . This could be explained by the release of an amount of the adsorbed molecules due to possible repulsive interaction between the adsorbed species when coverage of the electrode has been reached [28] . However, for 1.0 × 10 
Square Wave Stripping Voltammetry Method
Methods Validation
Validation schemes of the analytical methods for the determination of various [30] and USP [31] was applied in the present work for validation (via linearity, repeatability, reproducibility, precision, accuracy, selectivity and robustness [30] [31] of the described stripping voltammetry methods for assay of bulk DXT.HCl.
Repeatability (intra-day assay), reproducibility (inter-day assay), precision and accuracy [30] [31] of the described LS-AdASV and SW-AdASV methods were evaluated by performing four replicate measurements for various concentrations of bulk DXT.HCl over 1 day (intra-day assay) and for 3 days (inter-day assay). Insignificant differences were observed between the amounts of DXT.HCl taken and found. Satisfactory mean recoveries, relative standard deviations and relative errors were achieved indicating the repeatability, reproducibility, precision and accuracy of the described methods for assay of DXT.HCl. As shown in Table 1 .
The robustness [30] [31] of the developed stripping voltammetric methods was examined by studying the effect of variation of some of the neck operational con- at different elapsed time by two different analysts ( Table 2 ). The obtained results (Table 2) (Table   3 ) [13] . Since the calculated F-value did not exceed the theoretical values, which means that there was no significant difference between the proposed and reported methods with respect to the reproducibility [32] . Also, no significant differences were noticed between the proposed and reported methods regarding accuracy and precision as revealed by t-test [32] .
Assay of Duloxetine HCl in Human Serum
A quantitative assay of DXT.HCl spiked in human serum was carried out by the DXT.HCl spiked with various excess amounts of some foreign species such as some common metal ions, excipients, and co-administrated drugs (e.g., Na + , (Table 4 ). The tolerance limit for foreign species was taken as the largest amount yielding a signal error of 5% for determination of DXT.HCl. The results in (Table 4) Table 5 .
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Applicability for Future Studies
One of the strengths of the present study is that it reports a novel square wave, linear sweep and cyclic voltammetric methods that are quick, sensitive, accurate, precise and in expensive compared to most of the reported methods as potentiometric methods for the quantitation of DXT.Hcl in human plasma of real samples and for pharmacokinetic studies. One shortcoming of the present study may be noted as the method was qualified and validated. However, a full validation was not the aim of the current pilot study, but to qualify the method and apply it for pharmacokinetic studies in human serum. The significance of the current study is that the method qualification results obtained may provide useful information to assess the feasibility of expanding the process to larger studies in the future where the method is fully validated by using modifier carbon paste electrodes as carbon nanotubes.
Conclusion
DXT.HCl has been oxidized at a CPE via 2-electron due to oxidation of its sec- ), therefore it is sensitive enough for assay of DXT.HCl in human plasma of real samples and for pharmacokinetic studies. It can be also recommended for its quantification in quality control and clinical laboratories.
